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ABSTRACT 
Total body mass and increase over the feeding season is important for estimating energy deposition used in ecological modelling. Weighing total 
whales is difficult, even in parts, while measurements of length, girth and blubber thickness can easily be obtained from catches at sea. The exponent 
for predicting total body mass from body length has been studied in many species and here data on common minke whales in the North Atlantic are 
added from both Icelandic and Norwegian research catches. The exponent was found to be not significantly different from 3 as is expected if there 
is little change in shape with growth. The exponent for how blubber mass increases with length was estimated to be significantly lower than 3. In 
addition, seasonal changes in body mass and in the parts of muscle, blubber and visceral fat are reported. In all cases a significant increase over the 
season was detected, in particular for the mature animals, and also in blubber thickness and girth measurements, particularly in girth at the posterior 
part of the body. Pregnant females had significantly more blubber than other whales. These results agree with studies on blubber thickness 
measurements and tissue energy content of the Icelandic whales and observed changes in the ecosystem around Iceland during the research period 
2003 to 2007. 
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MATERIAL AND METHODS 
Catches under the Icelandic special permit4 were distributed 
based upon observed abundance from surveys undertaken 
around the country (Borchers et al., 2009) and standardised 
measurements of length, girth and blubber thickness were 
taken from all animals caught. The subset of the sample  
with total or part weights was however only obtained from 
animals caught to the West of Iceland. The additional 
sampling areas off Norway are shown in Fig 1. Part weights 
were given for the whole Norwegian dataset and total 
weights for a subset from the first years with a small number 
of other kinds of measurements. More measurements were 
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INTRODUCTION 
Migratory baleen whales are capital breeders and cover the 
costs of reproduction at the winter breeding grounds from 
energy that is deposited at the summer feeding grounds 
(Armstrong and Siegfried, 1991; Kasuya, 1995; Lockyer, 
1987a; 2007; Nordøy et al., 1995). Temporal trends in 
blubber storage can provide important insights into the 
behavioural ecology of these species (Haug et al., 2002; 
Konishi et al., 2009; 2008; Miller et al., 2011; Solvang  
et al., 2017). Lockyer (1987b) and Víkingsson (1995) 
estimated the total energy content of fin whale carcasses and 
absolute seasonal energy storage from weighings and from 
chemical analysis of different organs and tissues. This study 
on the North Atlantic common minke whale (Balaenoptera 
acutorostrata acutorostrata), reports on seasonal trends in 
total body mass and masses of skeletal muscle (meat, not 
including tissue such as heart and tongue), blubber and 
visceral fat of Icelandic catches under a special permit 
research programme undertaken by Iceland from 2003 to 
2007 (Marine Research Institute, 2003) and earlier 
Norwegian special permit research catches between 1988 
and 1994 (Haug et al., 1996). The Icelandic blubber data has 
been analysed in Christiansen et al. (2013); this paper 
compares these with the larger sample from Norway. The 
sampled animals are of different body lengths and, for 
comparison of mass, scaling is needed, therefore determining 
the exponent of length for predicting mass is essential. For 
most caught animals weighing is not practical, so for 
ecological modelling, body mass has to be predicted from 
measurements of length and possibly girth, while blubber 
thickness may be used for blubber mass. 
1 Marine and Freshwater Research Institute, Skúlagata 4 121, Reykjavík, Iceland. 
2 Institute of Marine Research, Fram Centre, PO Box 6606 Langnes, N-9296, Tromsø, Norway. 
3 Norwegian Polar Institute, N-9296, Tromsø, Norway.
4 https://iwc.int/permits. 
Fig 1. Sample locations off Iceland (I) and Norway: Lofoten Vesterålen (L); 
Finnmark (F); Björnöya (B); Spitsbergen (S); and Kola (K). 
added in the later years. The numbers by area and sex and 
the kind of measurements available are given in Tables 1–3. 
Average weights by year and country are given in Table 3b. 
Maturity 
Maturity was determined by inspection of sexual organs and 
hormone measurements for most of the animals caught off 
Iceland (Gunnlaugsson and Víkingsson, 2013), but only a 
few of the 1992–1994 Norwegian animals (except those 
observed with a foetus), so this had to be assigned based  
on standard length measurements. Males longer than 6.75m 
and females longer than 7.15m were considered mature 
according to Christensen (1981).  
The percentage of mature specimens in the Icelandic 
sample was 80% for males and 90% for females, 75% of the 
latter were pregnant. The Norwegian data shows signs of 
segregation (Table 3a), where the Spitsbergen animals were 
all but one female, and out of 32 caught there in 1992 and 
1993, 27 were classified as mature based on length, however 
only four of these were observed to be pregnant. In contrast, 
in 1994 only two out of 12 were classified as mature based 
on length and both were pregnant. In the sample from the 
Kola area taken in the midsummer period of 1992, seven  
of the eight females were mature and six of these were 
pregnant. In the combined sample from the Norwegian areas, 
about 40% were females, 50% of these mature and around 
66% of the mature females were pregnant. Around 66% of 
the males were mature. 
Measurements 
The body length measurement (cm) is made on a flat surface 
in a straight line from tip of snout to the notch of fluke 
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(standard length) and was available for the whole sample. 
Complete girth measurements (cm) were taken during the 
Norwegian catches in 1988 and 1989, while half girth 
measurements (dorsally from top of back to ventrally the 
abdominal centre) were taken during the other catches and 
multiplied by two. Icelandic girth measurements were taken 
at six points along the body (see Fig. 2): G1 axillary in front 
of the flipper; G2 axillary under the flipper at the point of 
insertion; G3 at the end of the longest ventral grooves; G4 
in front of the dorsal fin; G5 behind the fin; and G6 midway 
between G5 and the anterior edge of tail insertion. The 
Norwegian data have comparable girth G2 measurements 
and by 1992 and 1993 G4 and G5 data were collected 
respectively. There are a small number of missing values 
(about 3%) but few of these were for weighed whales. 
Blubber thickness measurements (mm) from the skin 
surface perpendicular to the muscle connective tissue 
interface were available at all six girth sites dorsally (D1–6), 
median (M1–6) and ventrally (V1–6) in the Icelandic 
sample. There were about 5% missing values, and 140 out 
of the 190 whales had all the measurements and that included 
all the weighed whales. Norwegian blubber thickness 
measurements were first available at three sites D1, D5 and 
M2 in 1992 and 10 sites D1, D3–6, M2, M4–5, V3 and  
V6 in 1993 and 1994. In the Kola data (only available for 
1992), the D5 blubber thickness measurement was mostly 
below the range of measurements from other areas and was 
excluded. 
Total weights 
During the Icelandic research catch the first whales weighed 
were towed to shore, including one weighed as a whole  
in 2004 and nine weighed in parts in 2005 (Table 2). The 
towing was generally short and no loss of tongue (a potential 
problem in heavy seas) was observed. In 2006 and 2007, 11 
whales were weighed in parts on board the largest vessel. 
Blood and fluid lost during dissection was therefore not 
included in the total weights of part weighed whales. The 
whales were caught off West Iceland in April and from June 
to late August, during a short period each year. In total, the 
Icelandic material included total weights from 2 males and 
1 immature female and 7 mature males and 11 pregnant 
females.  
From the previous Norwegian research catch under special 
permit (Lydersen et al., 1991; Nordøy and Blix, 1992) total 
weight, length and one comparable girth measurement (G2, 
axillary under flipper, Fig 2) was available for 11 males  
(6 mature) and 1 immature female, caught in the Lofoten  
and Vesterålen (L) area in August 1988, and 6 females  
(2 pregnant) caught West off Svalbard (S) in July 1989. The 
18 Norwegian whales had been bled and were weighed 
whole including stomach contents, but they were also 
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Fig. 2. Sites of measurements of girth (G1–6) and blubber thickness: dorsal (D1–6); median (M1–6); and ventral (V1–6) along 
the whale body. 1: Axilla, anterior insertion of flipper. 2: Axillary under flipper, posterior insertion. 3: End of ventral grooves. 
4: Anterior edge of dorsal fin. 5: Posterior edge of dorsal fin base. 6: Midway between site 5 and insertion of tail.  
dissected and weighed in parts. Fluid loss during dissection 
was estimated at 7.5% (±2.4; Ryg et al., 1993) and the 
remaining total weights based on part weights were corrected 
by that amount. This correction for fluid loss during 
dissection was also applied to estimate total weights in  
the Icelandic data. This correction is similar to observed  
fluid loss (7.4%) during dissection of fin whale foetuses 
(Víkingsson et al., 1988). 
Stomach contents were subtracted from the total weights 
of the animals that were weighed whole, while foetuses were 
always included.  
The data from Iceland and Norway used here represent the 
only total weights of North Atlantic common minke whales 
that we are aware of.  
Muscle, blubber and visceral fat weights 
In addition to total weights, part weights of muscle (Table 
3a) and blubber were available from more animals. In the 
Icelandic catch, five mature males and one immature female 
had been weighed in parts except for bones. Visceral fat 
weights (abdominal and thoracic combined) were also 
available for most of the part weighed animals and from an 
additional 59 animals. 
The Norwegian data with total weights from 1988 and 
1989 also had part weights. In addition, part weights were 
available for 1 mature male and 2 immature females in 1988, 
and 1 mature and 1 immature male and 1 immature and 1 
pregnant female in 1989. Part weights were also available 
from the Norwegian research catch under special permit in 
1992, 1993 and 1994 (Naess et al., 1998; Table 3; Fig. 1). 
Visceral fat weights (Fig. 4) were missing for 1993 and there 
were blank values in the Norwegian data particularly early 
in the season. It is unclear whether the blanks represented 
zeros or missing values, but they have generally been 
assumed to be zero unless otherwise indicated (for instance 
by other missing values) resulting in 24% of the weights 
being assumed to be zero. Zeroes represented 10% of the 
visceral fat weights in the Icelandic data. 
Analyses 
Log-normal stepwise regression was performed using the  
R package (R Development Core Team, 2017) using the lm 
function on all girth and blubber thickness measurements 
with an exponent of length as a predictor, along with 
seasonal timing (catch day within year) and covariate factors 
for sex (male, maturity, pregnancy), year and area or country 
with interactions of these with the seasonal timing as the 
maximal model. Note that country is fully captured by year 
as there was no overlap of sampling years in Norway and 
Iceland. Unless otherwise stated, the best model was selected 
on the basis of the Akaike Information Criterion (AIC; 
Akaike, 1974). 
The same regression was performed on total body mass, 
muscle, blubber and visceral fat mass separately. Potentially 
girth and blubber thickness measurements also predict  
the total mass, and thus girth and blubber thickness 
measurements have been presented first. As some of the 
visceral fat measurements were 0, before taking logarithms, 
an appropriate constant was added that was estimated to be 
2kg (Box and Cox, 1964). Visceral fat was also regressed 
directly in a linear model to estimate absolute change.  
A categorical variable indicating the Icelandic catches as 
either Northern or Southern on the continental shelf was 
tested but had no noticeable effect. Icelandic waters were 
therefore treated as a single area in the analyses presented 
here.  
The null hypothesis in these regressions was that mass is 
in direct relation to the length cubed (Condition Index in 
Naess et al., 1998 is Weight/Length3×100), or girth squared 
times length, but some other estimated combinations of the 
exponents on length and girth that sum to 3 might outperform 
these if the girth measurements were less precise. Similarly, 
blubber thickness was expected to be in direct relation to 
blubber mass. This was tested using the offset setting of the 
lm function in R. 
RESULTS 
Girths and blubber thickness 
As shown in Table 4, the largest combined data set of girth 
measurements was at site G2 (axillary under flipper) and 
gave an exponent on length of 0.89 (SE 0.025); significantly 
lower than the offset value 1 but this was not the case at G4 
(in front of the fin) or G5 (behind the fin). The estimated 
increase per day was 0.1% at G2 and G4 and 0.13% at G5 
with a CV of 0.1 in all cases. For a given length, G5 was 
significantly (6–10%) larger in Iceland than in Norway and 
area was significant and highest in Kola (only available in 
1992 at G2 and G4). The measurements at sites G1, G3 and 
G6 (Iceland only) gave similar but less precise results and 
all with an exponent on length significantly less than 1 by 
respectively –0.19, –0.1 and –0.12 (SE 0.05). Girth for 
females (at some sites the model selected had pregnant 
females) was about 3–5% larger (SE 1%) and the seasonal 
increase was always lower and (slightly) significant only at 
G2. There was a significant year effect at girths G4 and G6 
that were lowest in 2006.  
Fitting the same model on the Icelandic blubber thickness 
measurements, the estimated exponent on length was not 
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significantly lower than 1 around the fin (D4 and D5) or at 
D6 but at other sites ranged from 0.35 to 0.7 and lowest 
ventrally (V5 and V6). The exponent on the mean of all 
blubber thickness measurements was 0.68 (SE 0.11). The 
seasonal increase was highest around the middle of the 
animal and lowest (around 0.2%) per day at the front (site 1) 
and D6. Table 5 shows the regression results using the 
combined Icelandic and Norwegian data at site D3 where  
the seasonal effect was greatest (0.50% for non-pregnant 
animals). Pregnant females showed less seasonal effect at 
this site and this was also significant at M2 and M4 and 
negative (less seasonal effect) at all sites. Though not 
significant at all sites, blubber was consistently thicker for 
pregnant than nonpregnant females while males were 
thinnest. Mature animals had marginally thicker blubber only 
at the single site V6. The Kola measurements (D1, M2) were 
the highest. Other areas differ significantly, but not 
consistently where Svalbard was thinnest at D3 and M5 but 
thickest at D6 and V6. The greatest difference between 
countries was Iceland, thicker at M5 by 30%.  
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Fig 3. Icelandic and Norwegian weight data of North Atlantic common minke whales 1988–2007 
showing total weights (Wkg); meat (skeletal muscle); blubber; and visceral fat (fat). 
For further comparison, the data from the Icelandic fin 
whale research catches 1986 to 1989 (n = 122) was checked 
and gave an exponent on length of 0.65 (CV 0.19) on mean 
blubber thickness, lower for males than females and lower 
for immature than mature animals. 
Total body mass 
All weight data are plotted in Fig. 3. The regression on 
Icelandic and Norwegian total body mass gave the exponent 
on body length of 2.91 (SE 0.15). This is not significantly 
different from 3 and was subsequently fixed at 3. The 
estimated 0.2% increase in body mass per day of the year 
was significant. The whales caught by Norway were on 
average 10% heavier, while interaction of area and both  
the day within year and body length was not significant. 
Pregnant animals were significantly (25%) heavier than non-
pregnant animals for a given length. Males were 19% heavier 
than non-pregnant females of the same length and, although 
not significantly lower than pregnant females, were included 
as separate group in the model, as grouping them with  
either pregnant or non-pregnant females was considered 
unreasonable. There was no significant interaction of the  
sex, maturity and pregnancy factors with body length or the 
day within year. Year had no significant effect in these 
regressions.  
Including the only available Norwegian girth measurement  
(G2) for the Norwegian weighed whales (Lydersen et al., 
1991) increased the difference by country (Table 7). The sum 
of the exponents of body length and girth was 2.93 (SE 0.13) 
and not significantly different from 3 but deviated significantly 
from 1 on length and 2 on girth, (1.9 and 1.1, respectively). 
As the girth was increasing over the season, including girth 
measurements in the model on body mass reduced the 
estimated increase over the season, but not significantly.  
Restricting analyses to the Icelandic data, the girth at G4 
gives an AIC of –8.6, lower than at G2 and the mass increase 
over the season is non-significant. The exponent on the girth 
was 1.3 (SE 0.3). Adding blubber thickness to this model 
with the exponents on length and girth fixed at 1 was in most 
cases non-significant and this was also the case using the 
mean of the blubber thickness measurements. The best fit 
was obtained with blubber thickness V2 with exponent 0.49 
(SE 0.12) and AIC lower by –3.5, but mature animals still 
had significantly more mass. 
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Fig 4. Icelandic and Norwegian visceral fat mass data of North Atlantic common minke whales 1988–
2007 on a logarithmic scale. 
In the Icelandic data, including the five heaviest foetuses 
in the regression of length on mass was also tested and this 
gave an exponent on length of 2.92 (SE 0.04).  
Muscle mass and blubber  
For muscle, the exponent on length was estimated marginally 
higher than 3 (Table 8). Males had more muscle by 7%  
and mature animals less muscle by 8.2% (CV 0.3), while 
pregnancy appeared to have no effect. When the exponent 
was fixed at 3, maturity became non-significant with regard 
to muscle mass. Muscle increased with day by 0.13% (CV 
0.04). The estimate for the exponent on length for blubber 
mass was significantly less than 3 but gave a daily mass 
increase over the season of 0.32% (CV 0.09) both with  
the exponent on length estimated or fixed at 3 (Table 9). 
Pregnant females had significantly more blubber by 17% 
(CV 0.2). The increases over the season did not differ 
between categories of animals. Not shown in the tables here 
were some significant differences between years and areas: 
the Kola area (1992 only) had the highest blubber mass 
overall; high blubber mass years were 2006 for Iceland and 
1988 and 1989 for Norway. Muscle mass was highest in 
1988 in Spitsbergen and it was around 20% higher in all 
Norwegian areas compared to Iceland. In Iceland, muscle 
mass decreased each year 2004 to 2007 (Marginally 
significant).  
As shown in Table 8b, when predicting muscle mass with 
the girth measurement G4, the sum of the exponents (2.98) 
was not significantly different from 3, but the exponent on 
length was 1.8, significantly higher than 1 (and less than  
2 at 1.2 on girth). The seasonal increase was fully captured 
by the girth. Maturity was non-significant, but males still had 
more muscle. The larger sample with girth measurement G2 
gave similar results, but maturity and day in season were 
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marginally significant. Using the much smaller sample with 
G5, only maturity had a significant effect on muscle mass; 
the exponent on length was even higher at 2.3 (and 
correspondingly smaller on girth). In all cases the difference 
of Iceland and Norway remained the same. 
The results of predicting blubber mass with girth are given 
in Table 10 and with blubber thickness in Table 11. The sum 
of the exponents on length and girth was significantly lower 
than 3 and in particular the exponent on girth is low and only 
marginally lowers the estimate of the coefficient for the 
increase in blubber mass with day of season. When the 
exponent on girth was fixed at 2, the coefficient for increase 
by day of season in blubber mass was estimated to be lowest 
when including girth measurement G5 but was still 0.09% 
per day. The exponent on blubber thickness was low for 
individual measurement sites, but higher when the sample is 
larger (D1, D5 and M2) (data for more years from Norway). 
The exponent was also higher when the sum of the individual 
measurements was used (Table 12). The higher the estimated 
exponent on blubber thickness, the lower the estimated 
coefficient for increase with day of season, but as the 
exponent was always considerably less than 1, blubber 
thickness did not fully capture the seasonal trend or 
differences due to pregnancy. Adding girth measurements to 
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the model was marginally significant and highest for G4 
when the coefficient for day of season was lower but still 
highly significant. 
Visceral fat mass 
Visceral fat increased by 0.52kg (SE 0.06) or 2.4% (SE 
0.3%) per day (Table 13 and 14). Pregnancy added 
significantly to this (52%, on average 19kg). The parameter 
with log(length) (exponent on length) was 3.0 (SE 0.51)  
i.e. much less precise than other regressions. The factors 
country and year were insignificant. In the linear regression, 
an additional metre in body length added 9kg to visceral fat. 
Fitting length squared or cubed in the linear model made a 
negligible difference. There were some differences by year 
and area; animals from the Björnöya area and Iceland in 
2003 and 2006 had the least visceral fat. When limited to the 
Icelandic data (with very few zeroes) the results were similar 
with an increase of 1.8% (SE 0.3) per day and a greater 
difference among pregnant and other types. Similarly 
restricting to animals over 650cm made little difference. 
Including girths lowered the estimated coefficient for 
increase with day of season, the highest was for G4 (1.8% 
or 0.35kg per day). Effects of explanatory factors varied 
greatly depending on whether the linear or log-linear model 
was used. 
DISCUSSION 
Considerations of area and other factors 
The Norwegian dataset of total weights is smaller than the 
Icelandic and unbalanced by sex and segregated by 
geographical origin. Segregation by sex has been observed 
consistently in catches from different areas within Norwegian  
waters (Øien, 1988). Some of the Norwegian areas were only 
present in this sample in a single year and month, so not 
surprisingly these data add little to the precision regarding 
any day within year effect. Despite this, sex, maturity status 
and area had little effect on the within year trend on either 
total or partial mass. The lower mass (by length) in the 
Icelandic data might be real, as there are other indications 
that conditions around Iceland were poor and getting poorer 
during the investigated period (Astthórsson et al., 2007; 
Víkingsson et al., 2013; Víkingsson et al., 2014) and a 
decrease in common minke whale occurrence has been 
observed in abundance surveys around Iceland in recent 
years (Víkingsson et al., 2015). However, at least part of the 
difference may be due to differences in the weighing 
methods used in Iceland versus Norway, in particular the 
large difference in muscle mass and girth and blubber 
thickness at certain sites. When the most widely available 
girth measurement (G2, axillary under flipper) was included 
in the regression on total mass, the difference between areas 
increased, which was contrary to expectation if the condition 
of the animals differed by areas and if this was reflected in 
the girth. Neither did fitting girth on muscle mass reduce the 
difference by country. Either mass deposition is not well 
reflected at this site or the difference was due to factors such 
as fluid loss in the Icelandic total weighing, but that would 
not explain why muscle and blubber mass is also lower  
in the Icelandic area. The G5 girth (behind dorsal fin) 
measurement is about 10% less in the Icelandic data, but this 
might also be due to some difference in the body positioning 
of this measurement where blubber thickness decreases 
sharply with distance from the fin. There were other 
differences between areas and years (not all detailed here) 
that were not consistent among sites and were unlikely to 
reflect persistent biological differences. There were also 
some inconsistencies within area and year such as blubber 
mass versus muscle mass. For example, blubber mass for 
Iceland was highest in 2006, but blubber thickness at  
some sites was low. This raises the question as to whether 
there was some difference in measurements and tissue 
classification between the expeditions (such as more meat 
left on the bones in Iceland). However, this did not, in 
general, affect other estimates such as the trend over the 
season.  
Pampoulie et al. (2013) found no genetic structure on the 
feeding grounds in the North Atlantic. It is therefore unlikely 
that the observed differences between areas are of genetic 
origin, rather that they are coincidental, or reflect segregation 
by body condition or the feeding conditions at the areas prior 
to sampling. 
In their studies of seasonal variations in minke whale body 
condition in Norwegian waters, Naess et al. (1998) observed 
an increase in visceral fat and blubber thickness from snout 
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to tail over the summer that varied with site on the whale 
body, with more depositions on the dorsal and lateral than 
on the ventral sides. The present paper confirms the largest 
increase is mid-body dorsally (D3) but with less on the tail 
and close to head, however this can be sensitive to what 
exponent on length is obtained at each site. Visceral fat 
increases the most over the season and greater care in 
collecting these data and avoiding zero values should be a 
primary objective if additional data are collected. 
Due to the limited information on sexual condition, 
pubertal animals could not be assigned to a separate category. 
The immature size limit probably includes pubertal animals. 
There are indications (Víkingsson et al., 2013) that pubertal 
animals are more similar to mature than immature animals 
with regards to fat deposition and this would therefore have 
blurred the differences of these categories. 
Exponent on length 
When girth is included in a regression on weight, an 
exponent on length close to 1 is expected and an exponent 
on girth close to 2, since the girth is reflecting two 
dimensions (breath and height). However, the best fit 
obtained showed almost the opposite in that the exponent on 
length was found to be close to 2 and that for girth close  
to 1. As there have been no hints of an allometric change, 
this is likely a function of lower precision in the girth 
measurements where both the point of measurement along 
the body is uncertain and the top dorsal and ventral points in 
the half-girth measurements are unclear. When length was 
dropped from the regression whilst retaining girth, the fit was 
poorer than in the model with length and no girth. The sum 
of the exponents of length and girth was, however, as 
expected close to 3.  
Blubber thickness measurements are the least precise 
measurements given the variation in exactly how and where 
the blubber is cut. The exponent on blubber thickness (and 
the sum of the exponents on blubber thickness and length) 
increased with sample size and this was not a function of the 
position of measurement as when the measurements with  
the larger sample (D1, D5 and M3 n = 224) were restricted 
to the smaller sample at other positions (n = 150), the 
exponent on blubber thickness was lowered by 0.13, while 
using the average of different measurement positions reduces 
noise and increases the exponent (Table 12). 
Hauksson et al. (2013) found an exponent on length of 
2.76 (SE 0.2) for weighed common minke whale foetuses. 
The exponent on length when some large foetuses were 
included in this dataset was close to 3 as expected, since the 
girth to length ratio in large foetuses is very similar to the 
ratio in adults, indicating that little relative morphometric 
change is taking place from foetus to adult (transforming into 
a more flattened or elongated form would take the exponent 
on length down). 
In the regression on girth, the exponent on length was 
above 0.8 in all cases and 1 at sites G4 and G5. In the 
regression on blubber thickness the exponent on length was 
also 1 at these sites dorsally (D4 and D5 in front of and 
behind the fin) and also at D6, but for blubber thickness at 
other sites the exponent on length was 0.3–0.7 and for 
blubber mass the exponent on length was significantly lower 
than 3. This implies that the blubber thickness does not 
increase proportionally with the length of the animal and this 
is similar to observations in other whale species (e.g. Miller 
et al., 2011) and other marine mammals as can be derived 
from equations 1 and 12 of Ryg et al. (1993), where the 
minke whale mean blubber thickness came from the 
Norwegian samples from 1988 and 1989.  
Solvang et al. (2017) regressed length on blubber 
thickness behind the blow hole (approximately D1), at D5 
and M2 in whales caught by Norway 1993 to 2013 and 
decided not to use length in their model. These findings do 
not support the use of the condition index suggested by Naess 
et al. (1998). Once the whale has reached optimal blubber 
thickness for keeping warm while not overheating during 
exercise, and assuming that the BMR increases with the 
power 2/3 on mass (the power 2 on length), the increased 
heat production with length will match the increased surface 
and there will be no need for thicker blubber for insulation. 
Assuming a power of 3/4 for BMR on mass (Kleiber, 1932), 
the optimal blubber thickness for insulation would decrease 
with size. Larger animals may store proportionately more 
reserves as visceral fat as implied by the exponent on length 
exceeding 3. Considerable cooling must result from 
engulfing large amounts of sea water while feeding, but that 
would not apply to suckling calves where the need for thick 
insulating blubber is believed to be reduced by being born 
in warmer waters.  
Model considerations 
The regression presented here should give a good prediction 
of mass for a dataset similar to the one used here, but while 
the estimated parameters are unbiased by errors in the 
dependent variable there are probably some errors in the 
explanatory variables such that the exponent (slope) will not 
reflect the true exponent in the population, but be biased 
towards zero (Carroll et al., 2006). This may explain why 
the exponent on length when explaining total mass is not 3 
as expected but lower. When girth measurements were 
included in the model, the sum of the exponents on length 
and girth was around 2.9. The day within year is unlikely to 
contain errors (animals are numbered and a date out of 
sequence would be noticed). However, the feeding season 
may not be the same for all animals within each category, 
some starting early and others late and moving between areas 
as they gain weight and this will have the same effect as an 
error in measurement. Therefore, the trend within season  
is also probably underestimated. Girth represents two 
dimensions in the body and the increase in the cross sectional 
area scales with the square of the increase in the 
circumference (girth). It is therefore of no surprise that the 
estimated coefficient for seasonal increase in girth is about 
half that in blubber thickness and mass. Since the dataset is 
small and the length measurements have some unquantified 
errors, we do not attempt here any between species 
comparison such as performed by Lockyer (1976). This also 
implies that any formula obtained in the present study will 
not be optimal for body mass estimation from length 
measurements that have a different range. 
CONCLUSION 
The exponent of length regressed on total body and skeletal 
muscle mass was not significantly different from 3. When 
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girth measurements were included in the model, the sum of 
the exponents of girth and length was closer to 3, while the 
exponent on visceral fat may be higher. The blubber mass 
proportion decreased with length (the exponent of length was 
lower than 3) and the blubber thickness only increased by 
around the square root of length. A significant increase was 
detected in body mass for a given length over the summer in 
Icelandic waters and in muscle, blubber and visceral fat. This 
is similar to observations made in Norwegian waters for 
1992–1994 (Naess et al., 1998) and the present results were 
strengthened by including the Norwegian data. Immature 
animals showed less increase in mass for a given length, 
probably due to them growing more in total length during 
the season. The increase in mass was not fully explained by 
the increase in the available girth measurements. Girth 
measurements showed more fattening towards the caudal 
part of the body. Females have less muscle while pregnant 
females are heavier and have more visceral fat, blubber mass 
and blubber thickness from the start of the season. A lower 
increase over the season seen in blubber thickness of 
pregnant females at three sites was not clearly reflected in 
the much smaller blubber mass sample. Pregnant females 
must have gained weight earlier in the season and/or  
only those females with good reserves became pregnant.  
The predicted increase in mass for a given length over the 
season estimated here is in addition to any increase in mass 
due to growth in body length over the season. In particular, 
females increase in length after maturation (Víkingsson  
et al., 1988). These results confirm the seasonal increase in 
blubber thickness measurements in the Icelandic sample 
(Christiansen et al., 2013), here incorporating also a large 
Norwegian sample. Increased tissue energy content over the 
season, such as lipid replacing water in bones in these 
whales, as reported by Víkingsson et al. (2013), comes on 
top of the increase in mass. 
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